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Prosthetic heart valves have been used to repia.ee defective human valves in 
patteais. A prosthetic valve generally includes a sewing riag or suture cull that may b« 
attached Us and/or extend around a valve member. The sewing ring may be made from a 
biocompatible fabric and/or other material through which aaeedle- and suture may pass. 

1 5 The sewing ring may be pari of a single piece prosthetic valve, or may be pari of a 
multiple piece prosthetic valve assembly. 

in a typical aortic valve replacement procedure, the aorta may be incised and the 
defective valve leaflets removed, leaving a desired placement site that may include a 
fibrous tissue layer or tissue annuiua Needles carrying sutures may be directed through 

20 Jv PXoas U^sue ot dv v. si |\<H« nt. n *ite within the tissue annuins to form an array of 
s is * on ""u\ st^ ,- f tv sots,, i nistv h extended out of the thoracic cavity and laid, 
vfa-eia-vrt on s\< r,:w\if- boo 

• Ik r\edie? ood s^m^ * m 'vu be traded ln.ii\ idua"!> thiotf^h sev.:n<; ma, 
'^->'Cs Is ds-i i \c:u^bs.H\s.e'i lV n sad a^ats ( S .1-.Yd s'.tu.cs dv<-ugh Uu -ov\m v c nn^ 
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0\ o th- „u\ ..es have been directed through the sewing nag, the sutures maybe pulled' up 
taught and the sewing ring may be slid over the sutures or "parachuted" down into place 
adjacent the placement site tissue. The sewing ring may then be secured in place by knot 
tying knots irs the sutures T his procedure is tiu-e consuming as doctors often use three to 
ten Knots per suture. 

if the sewi ng ring is separate from a valve member of a multiple component 
prosthesis, the valve member may be introduced into the placement site, and secured to the 
sewing ring. The sutures may be tied, not only to secure the sewing ring to the biological 
mass and, but to secure the valve member to the sewing ring (and consequently, to die 
ussue annul us). 

Outing heart, valve replacement procedures, the patient may be on 
cardiopulmonary bypass (CPB), which may reduce the patient's oxygen level and/or 
create non-physiological blood flow dynamics. The longer a patient is on CPB, the greater 
the risk .for long- term or eveu permanent health damage. Existing suturing techniques 
extend the duration of CPB and, consequently, increase the health risks due to the patient. 
Furthermore, the tlxhrriag force created by suturing varies significantly horn suture to 
suture, even for the same medical professional. 

Sewing rings can also be tedious and time consuming to secure to a. valve orifice. 
To assemble multiple component heart valves, for example,, one component has to be sewa 
into another in vivo, resulting in a complex and time consuming process. The complexity 
of the procedure also provides a greater opportunity for mistakes and requires a patient to 
be on cardiopulmonary bypass for a lengthy period. 
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SiJMMAKY OF [ITO^TN HON 
The invention is directed to apparatus and methods for fastening devices to tissue 
or other devices, and. more particularly to apparatus and methods for delivering fasteners 
during heart valve replacement. The invention may be deployed ro secure a prosthesis to 
M>ii«utiu«ig ussue, or to secure one prosthesis to another, or a portion of a prosthesis to & 
coordinating prosthesis. 

In accordance with one embodiment, a fastener delivery tool is provided that 
inelades a loading chamber tor receiving a fastener having a plurality of tines in a relaxed 
state. The tool also includes a releasee retaining member for limiting movement of the 
fastener within the loading ehfimher. An ejection track is coupled to the loading chamber. 
A handle is provided that includes a lever, and a tongue and pusher member coupled to the 
lever. Movement of fee lever advances the tongue to engage the Lines so as ro transform 
the fastener from the relaxed state to a constrained state Movement of the lever also 
advances the fastener from the loading chamber down the ejection track. A trigger is 
< fp« s <. o v. ji.it he t i tvii f t>oin t'~<. .>>oL 

1, "xrro u vM an e hod tor delivering a fastener is provided that includes 
^01 n „l ^ dv w > * ,e >j e a fastener therein, the fastener including a pair of 
m n < >J ^ hMui x , - xured in the fesnener delivery tool using a 

r , „i>UTjnr ,> ,nvi ci * i„ . t n advanced in the fastener delivery tool so as lo 
n<>s<u t v * vt* u to* , ul v A -fa e to a constrained stare while the fastener is 

* v " vivl,bf vh-ut m ,mcnhet\ The retailing member is released and the 

* s ^ ^ *~ ^ i 5 lrc " * ^ ne distally within the fastener delivery tool using 
tp ^ »' * } i » ^ < from the fastener delist tool hy depressing an 
actuator. 
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In still aaother eratxx&neat, a fastmer delivery tool is provided that includes a 
loading chamber for receiving m least one fastener having a plurality of tines in a relaxed 
state, the loading chamber including a release pin on which said at. least one fe.st.ener is 
loaded. The tool further includes an ejection track corrwmjnk'aijng with the loading 
chamber and a lever coupled to a tongue and a pusher member. The tongue is engageable- 
with the plurality of tines of the fastener so as to transform the fastener from the relaxed 
state to a constrained state. The pusher member is also eugageab-Je with a proximal end 
(e.g., a loop portion) of the fastener so as to translate the fastener to a distal tip of the tool. 
The fastener is then ejected by depressing a trigger or other actuator. 

In still another embodiment, a fastener delivery tool is provided thai Includes a 
staging area or section in which a plurality of fasteners are loaded. The fasteners may be 
.loaded individually or wirhin a cartridge. Multiple fasteners may be loaded into the tool 
thereby peroutvmg the user to eject or '"Fire" multiple fasteners successively without 
having to reload between ejections. 

Other aspects and feature? of the present invention will become apparent from 
co T ^.i.' ii,< \oi me fol.o* - ,, d^err <vn i.^en ir e <vj>kl< \ alIi t/e a< e<>vp,t e.,'n> 
drawings. 

BRIEF DESCRIPTI ON? OF T HE DRAWINGS 
FIG. I is a side view of a fastener delivery too? including a cartridge containing a 

fastener being loaded into a loading chamber of the fastener delivery tool 

FIG. 2(a) is a cross-sectional side view of the distal tip of the fastener delivery tool 

shown in FIG. 1 > showing the fastener being loaded into the loading chamber (arrow A). 
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FIG. 2(b) is a cross -sectional top view of the distal tip oftbe fastener delivery tool 
shown in FIG, 2(a), 

FIG. 3(a) is a crass-sectional side view of the distal tip of the fastener delivery tool 
shown in FIG. 1, showing initial advancement of the cartridge retainer in the distal 
direction (arrow B). 

1 I* » ~(h} s 1 » oss-sectiona! top view of the distal tip of the fastener delivery loci 

skvn , > , ^ j v, < i atu n^t o' i - <. it J a ' - - ^ 5 t r 

FK t e>vs<*, V >w i 1 nli^ > h~* t o <i \ v i \ t ^ < x , 4 -*t <. e 
retainer and coupled spreader. 

FIG. 4(b) is across-sectional top v^o , ah i „ j ( >oi ne .s, >e< I ^r<o>| 
shows in FIG. 4{a), showing initial advance c~*<«, t1 » * > i—e j ^ u lis, d^cf on 

FIG. 5(a) is a cross-sectional side \ io v ott v. Ji d.sl 1 n v ,1 ~ J« <kr\ e\ nen 
shown in FIG. 1, showing a tongue advar*. c I ma \r* ooo n * < f ** s e 

FIG. 5*b) is a cross-sectional top " * w o^rtvoiM ! p of h rco dew- wi 
shown in FIG. 5(a). showing the tongue enter* )<> *h, I > 5 n >k sk c 

FIG. 6\a) .is a cross-seed onai side s u <v <>t 1 h.tai t» > o K k >L > dt «p «.*\ o* 
shown in FIG. 1 , showing transfoanatior ot tr* v k >Lp v .0 ^0 «n.,<. v «ri«ju. a 10 * 
(U., the Tj-configtariition). Advancement ol i e <> jri* n neds- d h cvhon sj.n ads o^ 
lines of the fasteners outward to form the I ~vor1> uo< 

FIG. 6(b) is a cross-seed onai top >t> c ««,. di c st« ne s 1 .>k. ArTdc s *oo] 
sho wn in .FIG, 6(a). 
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FIG. 7(a.) is a cross-sectional side view of the distal tip of the fastener delivery tool 
shown in FIG- 1. showing translation of the fastener in the distal direction through 
advancement of a push;-;!' member. The tongue is also translated in the distal direction 
along with the fastener to aid in maintaining the '0--eo.augnm1.ion. 
S FIG. 7(b) is a eross~seciio.nai top view ofthe distal tip of the fostener delivery tool 

shown in FIG. 7(a), showing the fines ofthe fastener projecting slightly- beyond the distal- 
snost end ofthe fastener delivery toot. 

FIG. is a partial top down plan view ofthe fastener delivery tool of FIG. 1 
with the handle and lever removed for clarity, and showing the loading chamber empty 
10 and ready for receiving a cartridge containing a fastener. 

'1G io a en^s-i.cional side view rsf the fastener delivery tool of FIG. &'a> 
;aveealo\„ the lr t \- \ 

1 At -\.v ^ v parua. o v p down plan view ofthe .fastener delivery tool of. FIG. 1 
■Mir- the r-.aiJ.lo arid ic trewd for clarity, and showing a .fastener loaded in the 
" -> \i<K\n^ v/amK" o" -"he t^tones delivery tool. 

1 ij V) s > -»o\s &on mal side view of the fastener deli very tool of FIG. 9{ a) 
taken along the hne B--8. 

FIG. 10c a) is a partial top down plan view ofthe fastener delivery tool of FIG. 1. 
with: the handle and lever removed for clarity, and showing fee cartridge retainer advanced 
20 distally to secure the fastener via a spreader that draws the two tinea ofthe fastener closer 
to one another. 

FIG. 1 0(b) is a cross -sectional side view of the fastener delivery tool of FIG. 10c a) 
taken along the line C-C. 
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FIG. 1 ] (a) Is a partial top down plan view of the fastener delivery too- of FIG. \ 
with the handle and lever removed for clarity, and showing the tongue advanced dist&Uy to 
drop into a loop portion of the fastener. 

FIG. I Ho) is a cross-seofionai side view of the fastener delivery tool of PIG. 1 J (a) 
?.a&e.n mmw urn nm u-u, 

FIG. I2(ai is a partial, top down plan view of the fastener delivery too! of FIG. 1 
with the handle and lever removed .for clarity, and showing additional distal displacement 
of the tongue to transform the fastener into the U -configuration. 

FIG. 1 2(h } is a eross-seetional side view of the fastener delivery tool of FIG. 1 2i a) 
taken along the line B-B. 

HG. ] 3(a) is a partial top down plan view of the fastener delivery tool of FIG. 1 
will- the handle and lever removed for clarity, and sl.iowi.ng the fastener advanced distslly 
such thai the two tines project slightly beyond the distal -most edge of the ejection track of 
the fastens* delivery tool. 

FIG. 13(15} is a cross-sectional side view of the fastener delivery tool, of FIG. 1 3(a) 
taken along the line F-F. 

FIG. 14(a) is a partial top down plan view of the fastener delivery tool of FIG. 1 
with the handle and lever removed for clarity, and showing the ejection of the fastener 
horn the ejection track of the fastener delivery tool its a U-shaped configuration. 

FfG. 14(b) is across-sectional side view of the fastener delivery tool of FIG. 1.4(a) 
taken along the line G-G. 

FIG. 1.5(a) is a side view of a fastener delivery too! according to one aspect of the 
invention, showing a cartridge being loaded into the loading chamber of the device. 
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FIG. 15(b) is a side view o s taste* ci do wo\ Uvi s^ow " u\ HC iNa), -.howm* 
the cartridge retainer being advanced in the distal direction (see arrow in FIG. 15(b)) over 
the cartridge. 

1 Kt s i is .vuus * n r 'Js fs tool n i 1 s > ! k 

«i« insrener oemg transierrea rrom me cartridge to toe distal up of tae tasteaer delivery 
tool by aetuati on of the lever. 

FIG. 15(d) is a side view of a fastener delivery tool shown in. FIG. 1 5(a). showing 
compression of the ejection spring by additional actuation of the lever. 

FIG. 15(e) is a side view of a fastener delivery tool shown in FIG. 15(a), showing 
the- fastener delivery tool being cully loaded and ready to deploy the fastener. 

FIGS, 16-a) axid 16(b) are top and side views of the distal end of a fastener delivery 
tool illustrating exemplary configurations for an elongated distal tip for the tool. 

FIG. 17(a) is a cross-section of a patient's body, showing a prosthetic val ve 
secured within a tissue annulus by exemplary fasteners. 

FIG. 11(b) is a cross-section of a patient's body, showing a fastener delivery tool 
delivering a fastener through a portion of a prosthetic valve into the surrounding tissue. 

FIG. 17(c) is a radiograph showing a plurality of fasteners deployed about the 
ensurdo on<vot c p osthetie valve. 

NO "8 o m she-native embodiment of a fastener delivery tool that houses a 
p.nnd \ i>t Ussen t-, 

Of f D1FD DFSf Klir*l ION 
I inning to the ds a^ ,n^. F'G . -> v\ * a * tv. rfvx t tien. ol » iasLver Joa\ en 
tool 2. I he fastener delivct <. tool "> me ndes s dw, 1 1 ^ 4 o sue, t ho'u ovhvh one ot no re 
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fastener(s) 6 (described in more detail below) may be ejected -and a provrw! tr<d £ uui 
may be grasped by a user during positioning and delivery of the fastener 6. The distal tip 
4 find proximal sad S of the tool 2 are separated by an elongated shaft 9. The fastener 6 
may be stored within a cartridge '? that may be loaded hue the fastener delivery tool 2, 
5 i ne fastener assivery tool i ais© memaes a proxmrauy tocavea tmait iu navmg & lever u 
or other actuator that may be used to deploy the iasteuer(s) o\ The handle 1 0 may be 
economically shaped such that a user may easily manipulate the fastener delivery tool 2 
Into position. The ■handle 10 preferably includes a spring-biased trigger 14, e.g., a 
depressibie button that ma y be used to eject the fastener 6 from the distal tip -I of the tool 
10 2. 

A cartridge retainer 16 is provided on the shaft 9 that may be movable along the 
axial direction of the shaft 9. As described more fully below, the cartridge retainer 16 may 
be used to retain or otherwise secure the cartridge 7 lor the subsequent deployment steps 
of the fastener 6. in addition, the cartridge retainer 1 6 may transform the fastener 6 into a 

15 partially constrained state. 

FIGS. -1(a) and 2(b) illustrate the distal end of the fastener delivery tool 2. As best 
seen in FIG. 2{s\ a fastener 6 may be pre-loaded in a cartridge /, e.g., in a parent or 
relaxed state. In the relaxed state, the fastener 6 may include a pair of overlapping tines 
6(a), 6{b) (best seen in FIG. 2(b)) that may be angled with respect to one another. The 

20 fastener 6 further tnclud.es a loop portion 6(c), e.g., defined by ends of the tines 6(a), 6(bK 
in an exemplary embodiment, the f astener 6 may be formed from an elastic or superehstio 
material such 35 a Nickel-Titanium alloy (Nmool). Additional information on exemplary 
embodiments of fasteners that may he delivered using the too! 2 are disclosed in eo- 
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pending application Serial No. 10/ ; S8'l,?00, filed October 8. 2003. rhe t nitre dtscU^ute o\ 
which is expressly incorporated by reference herein. 

The fastener 6 may be secured or otherwise retained in a groove 7(a) or slot in the 
cartridge 7. "lite cartridge 7 containing the fastener 6 may be inserted (in the direction of 
arrow a as hu. into a loading chamber .is located at me ossta- mo. or me snan y. 
During this loading process, the loop portion 6(c) of the fastener 6 may be lowered over a 
retaining member 20. The retaining member 20 may be movable between an engaged 
state (shown in FIG. 2(b)} and a disengaged state (described in more detail below). 
Preferably., the retaining member 20 is biased in the engaged state by a spring 22 or other 
bt m< me 1 1 - a Pu rv\* no i,\ r vt 2 ) 5 11 sis u-b ^ouvi )„ \^ c ' 
within the tool 2 during the process oftoransfomung the fastener 6 from the relaxed, parent 
stale to the constrained state (e.g., a U-shaped configuration). 

Still referring to FIGS. 2fa,t and 2(b), the distal tip 4 of the tool 2 includes an 
ejection track 23. The election track 23 is connected to or otherwise communicates with 
the loading chamber 18. During deployment of the fastener (5, the tines 6(a), 6(b> may be 
forced into the U-shaped configuration and the fastener 6 may be advanced from the 
loading chamber 1 8 and into the ejection track 23 (described in more detail below). 

FIGS. 3(a) and 3<b) illustrate the next step involved in deploying the fastener 6. 
As seen in FIGS. 3{a) rind 3(h), the cartridge retainer 16 way be advanced distaily (shown 
by arrow B in FIG, 3(a)), In one embodiment, the cartridge retainer 16 may be advanced 
manually, for example, by depressing a finger on ridge 16(a). Alternatively, the cartridge 
retainer 16 may also be advanced automatically, for example, through movement of the 
handle 'J\ 1 lu cattridye-- retainer lo <e vCupkd to a spieadcx 24 that may engage the tines 
6(a), 6(b) of the fastener 6, The spreader 24 may include a slot or groove in which the 
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fastener tines 6(a). 6(b) maybe received. Movement ofthe cartridge retainer id from the 
position shown, in FIGS. 3(a) and 3(b) to the positron shown in FIGS, 4(a> and 4(b) causes 
the spreader 24 also to move dssraily. The spreader 14 contacts {he tines 6(a), 6(b) of the 
fastener 6 and causes die fastener 5 to transform into & partially constrained state (be<it 

J? (GS. 5(a) and 3(b) illustrate the tongue 26 advancing in the direction ofarrosv C 
shown in FIG. 5(b). As best seen in FIGS. 2(a) and 3(a) : the tongue 26 includes one or 
more teeth 26(a). The tongue 26 is advanced hi the direction of arrow C and the one ore 
more teeth 26(a) drop within the loop 6(c) of the fastener 6(e). FIGS. 5(as and 3(b) 

10 illustrate the ieelh 26(a) within the fastener loop 6(c). The tongue 26 Is advanced further 
in the distal direction as shown in FIGS. 6(a) and 6(b) to transform the fastener 6 from the 
partially constrained stale to the fully constrained state (i.e.. the U -shaped conjuration*. 
The U-shaped configuration k obtained by forcibly parting the tines 6(a), o(bi of the 
fastener 6 using the teeth 26(a) of the kamue 26, while restraining the proximal end or 

1.5 loop portion 6(e) of the fastener 6. 

FIGS. 7(a; and 7(b) illustrate the fastener 6 being advanced through the ejection 
track 23. After the fastener 6 has assumed the U-shaped configuration, the retaining 
member 20 maybe moved from the engaged state to {he disengaged state. FIG. 7(a) 
illustrates the retaining member 20 in the disengaged state. With the retaining member 20 

20 in the disengaged state, the .fastener 6 may be free to move dista'iiy down the ejection track 
23. in oae embodiment, the retaining member 20 is moved from the engaged state to the 
disengaged state by interaction of a cam structure 20(a) located on the retaining member 
20 with a pusher member 30 (see FIG, 7(a)). For example, in the engaged state, the cam 
structure 20(a) on the retaining member 20 may rest within a corresponding groove 30(a) 
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in the pusher member 30. When the pusher member 30 is advanced in iho distal direction,, 
the cam structure 20(a) is forced out of the groove 30(a) and threes the retaining member 
20 ic the disengaged state. 

Still referring to FIGS. 7(a) and 1(h), the pusher member 30 contacts a proximal 
end or lue fastener <:s and pushes or advances t»e fastener o down the ejection track 2i, In 
one embodiment, the pusher member 30 continues to advance the fastener 6 until the 
fastener 6 reaches a position within the ejection track 23 shown xa FIGS. 7(a) and 7(b). m 
this position, the faster 6 is positioned such Unit the tines 6(a), 6(b) project slightly from 
the distal-most end of the tool 2. 

'T his configuration may permit a physician or other user to probe areas of tissue for 
the optimal insertion location. For example, the physician may probe an area of tissue that, 
may he calcified or plaque-laden and not suitable for placement of a fastener 6. in this 
regard, the physician may move instead to another more potentially desirable location 
adjacent the calcified location, Once the desired location is readied, the fastener 6 may be 
completely ejected from the tool 2, e.g., by depressing the trigger 54 (shown, for example, 
in FIG. 

FIGS. Sia) and 8(b) illustrate partial top and side views, .respectively, of the 
fastener delivery tool 2 with the handle 10 and lever 12 removed for clarity, in FIGS. 8(a) 
and 8(b), the loading chamber IS of the device is empty and the cartridge retainer 16 is 
withdrawn in the proximal dhection, permitting loading of another cartridge 7 carrying a 
f.wk - o n o h > tool 1 ICs \<fs a id 9(b) illustrate a fastener delivery tool 2 loaded 
with a single fastener 6 (the cartridge 7 is hidden simply for the sake, of clarity). As seen 
in FIG. 9(a), the fastener 6 is in the re.la.xed or parent, state. Referring now to FIGS. 10(a) 
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and 1 0(h), the cartridge re-tamer 16 is then advanced distaHy to partially constrain the 
tasfenec 6 within the spreader 34 (shown m FIG. 10(a)). 

With reference k; FIGS. 1 1 (a) md 1 1 (h). additional depression of the lever 1 2 on 
■he handle 10 advances the tongue 26 such ihat the teeth 26(a) drop mto the loop portion 
t;ip; or me rastener (snown nesr >n r.tu. s f < s o ■ ■. ■ ne tongue .:.?> is memy coup-en to a 
trigger assembly 32 that may be translated d;stally as the lever 12 on the handle is 
depressed. The trigger assembly 32 is biased against m advancement mechanism .34 
coupkd to the actuating lever 12. Actuation of the lever 12 causes the advancement 
mechanism 34 to displace distal ty. This distal displacement is translated to the trigger 
0Yser.nb.ly 32 via a spring 36. The spring 36 is preferably sf.UTsi.ieh that it acts as a rigid 
linkage between the advancement mechanism 34 and trigger assembly 32 before the 
compression stage {discussed in detail below). Translation of the advancement 
mechanism 34 and trigger assembly 32 (and coopled tongue 26) before the compression 
stage may be best seen in FIGS. 11(a), 1 lib), 12(a), and 12(b). 

Referring now to PIGS. 12(a) and 12(h), the fastener 6 is then transformed into the 
fully constrained state {.i.e.. U-shaped configuration} by advancing the tongue 26 distal ly, 
e.g., by paniaily depressing the .bardie JO of the tool 2. The teeth 26(a) of the tongue 26 
may advance between the tinea 6(a), 6(h) of the fastener 6 to direct the fastener 6 into the 
U-shaped configuration. At. this stage, the fastener 6 may still be retained by retaining 
member 20. 

FIGS. 13(a) and 13(b) illustrate the trigger assembly 32 abutting and pushing 
against n damp 38 that is fixedly coupled to the pusher member 30. .Movement of the 
chimp ?S distatly causes corresponding distal movement of the pusher member 30 within 
the tool 2. The pusher member 30 then advances distaliy such that the cam 20(a) on the 
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retaunng member 20 exits fee- groove 30(a) in the pusher member thoriHv mo\ utg the 
k'!, -mm-m^mber 2 { > to tht, d^eneayco posinon Addsbonm <.uh aneement oi m* h.mdL- 12 
pishes the fastener 6 down the ejection track 23 of the tool During this phase of 
deployment, both the tongue 26 and pusher men-bet 30 move distally hi unison. 
5 Advancement oi me tasveuer ft may stop waen tne nnes o<a.L otpj project josr ceyoua me 
distai-inost end of the too] 2 (as shown in FIGS. 13(a) and 13(b). 

FIGS. 14(a) ami 14(h) illustrate ejection of the fastener 6 from the too! 2. After the 
spring '36 has been folly compressed and fee actuating lever 12 is In the position shown In 
FIG. 15(e). depression of the trigger 14 (illustrated by arrow D in FIG. 1 4th}) causes the 

1.0 pusher member 30 to move rapidly in the distal direction to eject (he fastener 6 completely 
from the ejection track 23. As best seen in FIG. 14(a), the fastener 6 may be ejected in the 
U-shaped configuration into the adjacent tissue foot shown). 

As seen in FIGS, 8 through 14, the tool 2 may also include a proximal)}' located 
restoring spring 40 to aid in restoring the mechanical linkages (e.g., tongue 26, pusher 

IS member 30 and associated bigger assembly 32 and advancement mechanism ?4) after the 
fastener 6 has been ejected front the tool 2. 

PIGS. 15(a) through 15(e) illustrate the various stages of an exemplary method that, 
may be used to deliver a fastener 6 using the fastener delivery tool 2. FIG. ] 3(a) illustrates 
a cartridge ? carrying a fastener 6 being loaded into the loading chamber IS of t.be tool 2. 

20 FIG. 1 5(h) illustrates the cartridge retainer 16 being move*.? distally (in the direction of the 
arrow in FIG. 1 5(h)). This movement of the cartridge retainer 1 6 advances the spreader 24 
(riot shown in FIG. 15) to place the fastener 6 in a partially constrained state. FIG, 15(c) 
shows the handle 10 being depressed partially. At this stage, the teeth 26(a) of die tongue 
36 drops into the loop portion of the fastener 6 and advances further distally to transform 



the ^stontr t» intn the U-shaped configuration. Additional movement of the .handle 10 
transfers the fastener 6 from the loading chamber I 8 to the ejection track 2? in the d-stal 
tip 4 of the tool 2. 

PIG. 1 5(d) illustrates the compression or load-driving slop whereby movement, of 
3 lite actuating .tcver \.i hi me carecuon o.t me arrow snown m x< iks, t >«a J causes 

compression of spring 36. FIG. 15(c) illustrates the tool 2 m the fully loaded state. The 
fastener 6 is disposed at the distal tip A of the tool 2 with the tines 6(uk 6(b) projecting 
distally from the ejection track 23. The spring-loaded trigger 14 is then depressed to eject 
the fastener 6 completely from the too! 2. 

10 HQS. 16(a) and 16(b) illustrate alternative configurations, A. B. and 0, for an 

elongated distal tip or snout 4 of the tool 2. The tool 2 may include distal tips 4 of varying 
lengths in order to facilitate, the delivery process. For example, the tips 4 may have 
lengths between abont ten and tour hundred millimeters (10-400 mink or between about 
live and fifty millimeters (5-50 mm). 

1 5 The tips 4 may be integrally formed with the tool 2. Alternatively, the tips 4 may 

be removable ancl-'or interchangeable. In this alternative, the tips 4 and/or tool 2 may 
include one or more detents or other connectors (not shown) for removably attaching an 
individual tip 4 to the tool 2. in addition, as best seen in FfG. 1 6(b), the elongated distal 
tip or snout 4 may include a variety of geometries or side-profties, e.g.. bends or curves, to 

20 increase a 'user's field of view and/or otherwise facilitate delivering a fastener. Thus, s tip 
4 and/or tool 2 maybe selected given the particular anatomical presentations encountered 
during a procedure. 

Tip A shown in FIG. 1 6(b) illustrates a configuration in which the elongated distal 
tip 4 has a straight or flat profile. Tip B ilhtstrates another configuration in which an 
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imsrmediate portion of the distal tip 4 is beat or curved out of ilio plan- •>* the tool ~. fho 
benr or curved configuration is. particularly belpfbl in delivering the fastener 6 generally 
normal or petpendicntar to the surface of the surrounding tissue 90. Tip C iilustnU.es 
another configuration in which the distal tip 4 js angled with respect to the longitudinal 
$ direction ot trie .toot 2. 

Turning to FIGS. i~(a)-l 7(c). tool 2 maybe used to deliver one or more fasteners 
6, e.g., during a heart valve replacement procedure. For example, the tool 2 may be used 
to deliver a plurality of fastener*; 6 through a sewing cuff or ring 51 of a prosthetic heart 
valve 50 into surrounding tissue. Alternatively, il will be appreciated that the tool 2 may 

19 be used to deliver one or more fasteners 6, e.g., to secure other devices to tissue or to 
another device, or to secure tissue structures together. 

As shown, the prosthetic valve 50 is a multiple component prosthesis, e.g., 
including a gasket member 52 (around which the sewing cuff 5 1 may extend), and a valve 
member or >! c»wif {not shown, e.g., including a name and a plurality oflcai'leis, not 
15 shown). Exemplary embodiments of single or multiple component prosthetic heart valve 
assemblies that may he implanted using the tool 2 are disclosed in U.S. Patent No. 
6,371,983 and in to- pending applications Serial Nos. 10/327,821, filed December 20, 
2002, and 10/765,725, filed January 26, 2004, The entire disclosures of these references 
are expressly incorporated by reference herein. 

20 in-daily, the gasket member 52 may be advanced into the annulus 90, e.g., by a 
separate tool, (not sbowa}, and mam tamed at a desired location, e.g.. at a site from which 
native valve leaflets have been removed. The distal tip 4 of the tool 2 (loaded with a 
fastener (>) may be placed against the sewing cuff 5 1 with the tip 4 substantially 
perpendicular to the sewing cuff 51, The tool 2 may be actuated, e.g., by activating the 
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lever 12 aad/or trigger 14, to deliver the farmer 6 through the sev ingsuff < • jrso the 
u u b'ti^r ~n O io b^f-'eut s . uki i oi *li > t w tvnie-, 1 v.* 
fasteoer 6 may at least partially recross within the tissue, thereby capttmng a portion of trie 
sewing cuff 3 1 and the underlying tissue wkhm the .loop oHhe fastener. A plurality of 
fasteners 6 may be successively delivered about a circumference oi tfte sewing cut! I to 
afftx the prosthetic vajve 50 to the surrounding tissue 90. 

FIG. 1 7(a) illustrates two exemplary fasteners 6 in the fatiy deployed state. As 
shown in Fl.G. 1 7(a), after penetrating the sewing cuff 5 1 and underlying tissue, the 
fasteners 6 -Bay be biased to revert towards the parent or unconstrained state (ia which the 
iin.es of the fasteners 6 at least partially overlap). In this regard, the prosthetic valve 50 
may be fixedly secured to the surrounding tissue 90. 

FIG 17(e) illustrates an exemplary image from a radiography device (not shown}., 
illustrating a plurality of fasteners 6 deployed about the circumference of the prosthetic 
valve 50. The fasteners 6 and a portion of the gasket member 52 are at least partially 
radiopaque, and may be seen on a radiograph, while the sewing cuff Si (shown in 
phantom in FTG. nten may be substantially radtohicenf, arid therefore not visible on the 
radiograph. 

Optionally, the fasteners 0 may be removable from tissue 90 and prosthetic valve 
50. e.g., if it is desired to remove the v;slve 50 or relocate a particular fastener. For 
example, a pliers-like too! (riot shown) tm-y be used to remove a fastener after ejection of 
the fastener 6 from the tool 2, e.g., if the fastener 6 is oriented incorrectly or the fastener 6 
does not penetrate deeply enough into the tissue 90. The physician grasp the loop ponion 
6(c) of the fastener 6, which may remain at least partially exposed, using the pliers-like 
tool I lie fastener 6 may then be pulled or otherwise retracted proximally 10 remove the 
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tines of the fastener 6 from the delivery site A replacement .^poi o roay bo V.kLJ m:-> 
the toot 2 and/or delivered to the delivery site, similar to the methods described above. 

hi m alternative embodiment a tool may be provided that way accommodate 
loading multiple fasteners 6 into the tool 2 sirntdtaneously or successively before delivery. 
Such a tool 2 way oe destraoie because the tool i does not .nave to be removed rrom me 
body cavity to load successive Jasteners 6, which may accelerate delivery of the fasteners 
6. FIG. 18 illustrates an embodiment of a tool 2, showing a plurality of fasteners <> loaded 
into a staging ;nea or section 42. The fasteners 6 may he advanced successively in the 
distal direction toward the distal tip 4 of the fool 2. A cartridge foot shown} may be 
provided that holds a plurality of fasteners 6 soon that, the tool 2 may he loaded v4t.b 
multiple fasteners 6 simply by loading a single cartridge kuo the tool 2. 

While- embodiments of the present invention have been shown and described, 
various modifications --nay be made without depart) ag .from the scope of the present 
iovenfton The invention, therefore, should not be limited, except to the following claims, 
and their equivalents. 
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We Claim: 

1 V v ■■o T v c 1 too e<«n ^ \ no 

. o<d b r V 1 to ?a'imh , \ r ng a plurality : 'if tines h? a rehixed 

state; 

a mteasaMe retsmmg member tor Homing movement of me fastener wiuun the 
loading chamber; 

3ii ejection track conunnnkanng with the loading chamber; 
a handle mclikKng an actuator; 

a tongue and a pusher membss coupled to the actuator, activation of the actuator 
advancing the tongue to engage the tines so as to transform the fastener from the relaxed 
state to a constrained state and advancing the pusher member to advance the fastener from 
the loading chamber down the election track. 

2. The fastener delivery tool of claim 1 , further comprising a trigger .for 
ejecting the fastener distally from the ejection track. 

Z\f ihbte'jcj deh\e^ t^oi of el^na U v-huvn:, \o dk re a\ed v/do, th^ (mo* 
o°die t it-toji-.i ><\ctko> <<n< .m-ethc \> ckHne :x loop m~ umn^ nvmlvt -xtng nx\iW 
in f~e k^ \v )\r T ing tn^ etnev of use "ae^ne*. and, m the , % or*f\wuc MaV fr" ru; 
comprises a U- shape. 

4. The fastener delivery tool of claim 3, wherein the ejection track comprises 
side wails for constraining the fastener in the U-shape as the fastener is advanced riomi the 
ejection track. 



5, The fastener delivery tool of claim 4, ■wherein th& tines are exposed distaily 
beyond the ejection track when the actuator is activated without ejecting the fastener 
completely from the ejection track, 

3 

f^cla u,u*. < el" on to ^ of claim 1 , wherein the retaining member 

V « no? col >.„ ' K<.l of claim 6, wherein the release pin is coupled to 
1 0 i\ ),\ 1 * > ,o of t v \T?g. Ik uJsej member such that the release pin releases the 
lavcoo . toj » ruaoi b^^^v 

8. The fastener delivery tool of claim 1 > further comprising a staging section 
including a plurality of fasteners disposed therein. 

15 

9. The fastener delivery tool of claim -wherein the plurality of fasteners; are 
carried by a cartridge receivable in the staging section. 

10. The fastener delivery tool of claim 1 , the retaining member being reieasahie 
20 upon engagement with a cam located on the pnsher member, 

1 1 . The fastener deliver)' tool of claim 1 , wherein the fastener includes two 
tines that overlap one another in the relaxed state. 
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12, A fastener delivery tool, comprising: 

a loading chamber for receiving at least one fastener having & pair of tines 
overlapping one another in a relaxed suite, the loading chamber including a release pia. on 
which said at least one fastener is loaded; 
5 an ejection track communicating with the loading chamber; and 

an actuator coupled to a tongue and a m xr'r t „ . u\ u o* the actuator 

caii^ng the tongue to eng.^e the plorahvv o, urn-a \ u \. i the tovcu^ Is « n the 
relaxed titiite to a. conjoined s?a;o and ecn i\ 'ie s c tu t\ v :> , < - n x ho fastene? 
in the constrained ?mu ! trom the tattling ohsn her h :h k-coo. kick. 

13. The fastener dohve-y iw! >\ cl<\n, w \ n «e , ;h , icur ore fastener has 
a U-shape in the coti framed ?fato, 

14, The fastener deiivcs toot oi'duur 2, .u? \e tom| a w 
\ 5 ejecting the at least one fastener 6. vtn the election tuck. 

1 5. A .method for delivering a fastener, comprising: 

retraining a fastener within a. delivery tool using a retaining member, the fastener 
comprising a pair of tinea; 
20 advancing a tongue in the delivery tool relative to the restrained fastener to 

transform the fastener from a relaxed state to a constrained state; 

releasing the fastener from the retaining member while the fastener is in the 
constrained state; 

adwck\n>> tec Vttcne, in Jo , onrt 1 1 -sod rat. i \>ta K v Jir . it vie ! My-, >>o' ;V 
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v"C< 'fL Jie t.i^ssjor o m, Jr. WV t\ tool 



Vho: Ux-tVd <-t (Ahm i \ \xhi,to*\ v it. < t Un cr>> too! „\u pVn* \ -<' s 




. ~ I no r.U>oJ o. „\oh\ io, fon\cs for.pvMru loa<rsmj or, u, v v , iv the 
vkinc^ u ^ m^Gdiit..Lt'cc.'!Mri: v1 he ^ur. ^ xuuw>,v < 



IS. Trie method of claim 15, wherein the tongue and. fastener are advance 
10 successively upon activating art actuator. 



1 9. The method of claim 15, wherein the constrained state comprises a Tj- 



15 20. The method ofekim 15, further comprism \ pt^* v {fc)°> « > j Ju 

delivery tool to eject the fastener completely from the & " ~t x too 

2 \ . The method of claim 1 5, wherein the fastener is &d\ . \ » >- J J stai \ w ittv 
ihe delivery tool in the constrained slate by depressing a lever oi\ *h~ JcL\u<- K\M 

20 

\ (Vh 'J i \vt. VIT a. < t t j ^ h p lirJ - x CV x. utuU x ^ , 4 j, u , s 

ctjmpnsmg; 

aasx < h tm~t mi >tu , cUt^r, u< t ^ i < im rrurbe 



<baivmg iiOU«w r Ul\ viK iJ< !>». to Lv scs5 f ^ro {^--sorto 

'xKn ^ uj U'.M^t. >ot *j» otU e o.TtTj^ invi,\x\ <<L k jie on.t 3- » t*v 

auvancint: Uio lastener sn (he corsstnanea state (festally svulun the deS-very tool; and 
ejecting the fastener from the delivery tool through a component of a heart valve 
prosthesis into the tissue atrmims. 

' Th.- nif/Uioc of e'aho 22, v ! icien \1k tanner ;ae)Vi> - .t ru» o? f.ie-s 'dus 
o v.; \ > „ ^ « <K \.<. tt, jo <L f } ,c \vp, *bo setahnr.ii membot b-:m ; . n/cosveo m the 
oof to tovj * r f c t>tc>oj 

. % 4 ' Hi > a" «« ot c*a«« % „ \ whereui the tongue is received in the loop such 
that, as ;V lor-gae ^ .meed, the tongue- moves the times into a U-shape in the 
oor.'oU.iiUiL't} -kite 

25. The method of claim 11, wherein the fastener resilient!} moves towards the 
relaxed state after the fastener is ejected from the from the deliver} tool to capture tissue 
between the fees. 
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FIG. 7(b) 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET {RULE 26} 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET |RULE 26) 



WO 2««f>. , «*»«5*>4 




SUBSTITUTE SHEET {RULE 26) 



n 1 1 » 



10/17 




SUBSTITUTE SHEET (RULE .26) 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



13/17 




Fig. 15(c) 
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FIG, 15(d) 
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